The Pacific Northwest National Laboratory (PNNL) hosted students from across the United States at the inaugural Radiation Detection for Nuclear Security Summer School from June 11 -22, 2012. The summer school provided students with a unique understanding of nuclear security challenges faced in the field and exposed them to the technical foundations, analyses, and insight that will be required by future leaders in technology development and implementation. The course heavily emphasized laboratory and field demonstrations including direct measurements of special nuclear material. The first week of the summer school focused on the foundational knowledge required by technology practitioners; the second week focused on contemporary applications. Student evaluations and feedback from student advisors indicates that the summer school achieved its objectives of 1) exposing students to the range of nuclear security applications for which radiation detection is necessary, 2) articulating the relevance of student research into the broader context, and 3) exciting students about the possibility of future careers in nuclear security.
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Executive Summary
The Pacific Northwest National Laboratory (PNNL) hosted students from across the United States at the inaugural Radiation Detection for Nuclear Security Summer School from June 11 -22, 2012 . The summer school provided students with a unique understanding of nuclear security challenges faced in the field and exposed them to the technical foundations, analyses, and insight that will be required by future leaders in technology development and implementation. The course heavily emphasized laboratory and field demonstrations including direct measurements of special nuclear material. The first week of the summer school focused on the foundational knowledge required by technology practitioners; the second week focused on contemporary applications. Student evaluations and feedback from student advisors indicates that the summer school achieved its objectives of 1) exposing students to the range of nuclear security applications for which radiation detection is necessary, 2) articulating the relevance of student research into the broader context, and 3) exciting students about the possibility of future careers in nuclear security.
Table 1. Key Summer School Facts and Findings

ATTENDANCE number
We limited enrollment in the summer school to 12 individuals because of the limited capacity of activities and tours. These students, including 11 graduate students and 1 undergraduate, were all U.S. citizens and came from universities across the country. An additional 3 student interns at PNNL expressed interest in the summer school based on their summer research. We invited them to attend the lectures. The students recommended that the summer school be kept small in future years.
backgrounds To our surprise, the students possessed diverse academic backgrounds that included nuclear engineering, nuclear physics, chemistry, chemical engineering, mechanical engineering, materials science, and geology. All of the students expressed interest in career opportunities in nuclear security, although not necessary as federal employees. 
CURRICULUM lectures
The largest element of the summer school was a collection of 13 lectures. These lectures covered topics spanning nuclear security missions, signatures accessible via radiation detection, gamma-ray and neutron detection, active interrogation, nuclear security systems, and future opportunities.
guest lectures Eight guest lectures allowed students to interact in a small group setting with national experts on a range of contemporary topics that included treaty verification, nuclear material interdiction, and nuclear safeguards.
iv
CURRICULUM
activities & tours
The most unique aspect of the summer school was the hands-on activities. These activities gave students an appreciation for field environments encountered by technology users and exposure to the challenges faced by technology developers. Activities included modeling of source-term signatures, detector sensitivity vs. selectivity, border-guard training, and energy windowing algorithm implementation. Laboratory tours provided students with insight into facilities and instruments used for cutting edge research and development, including PNNL's shallow underground laboratory and radiochemical processing laboratory. A tour of the Hanford Site including the B-Reactor gave students a real-world appreciation for the nuclear fuel cycle. student lectures Students whose thesis work was of an appropriate maturity level briefed their projects. These presentations allowed the instructors to articulate the relevance of student work in the larger nuclear security picture and to provide guidance on future work and potential collaborations across the national laboratory complex.
FEEDBACK & LESSONS LEARNED
student evaluations Students completed an evaluation form that provided both quantitative feedback to prescribed questions and qualitative feedback that specifically requested recommendations for course improvement. The students unanimously agreed that the summer school was informative and engaging, and that it improved their understanding of the nuclear security mission and how radiation detection relates to nuclear security. The highest scoring element was the guest lecture series; 85 percent of the students strongly agreed that these lectures improved understanding of the challenges associated with the wide scope of nuclear security. There was a diversity of recommendations for improvements with no particular theme, but a few reoccurring points were to 1) add a neutron detection activity, 2) add more in-depth discussion of advanced techniques, and 3) provide time for socialization with the guest speakers.
key lessons learned Activities and guest lectures formed the unique nature of the summer school. While these activities consumed most of the time, they should be expanded to be an even larger element.
The foundational lecture materials were delivered too quickly; students found it difficult to keep up with the material. These lectures should be shortened and intertwined with guest lectures to allow more time to absorb concepts.
Perhaps the most important lesson is that execution of the summer school requires far more logistical gymnastics than originally expected; flexibility in shifting activities and lectures and their locations was one key to success. 
Introduction
The Pacific Northwest National Laboratory (PNNL) hosted students from across the United States at the inaugural Radiation Detection for Nuclear Security Summer School from June 11 -22, 2012. These students, including 11 graduate students and one undergraduate, were all U.S. citizens and came from universities across the country. An additional three student interns at PNNL expressed interest in the summer school based on their summer research. We invited these three to attend the lectures. This small enrollment, originally recommended by NA-22 program management, was an excellent size that fostered an intimate atmosphere conducive to sidebar discussions and in-depth involvement in activities. Both the instructors and the students recommend that the summer school be kept small in future years. Table 2 lists the graduate student participants; Figure 1 shows a photograph.
Our original expectation was that the student body would be comprised primarily of students whose thesis research involved radiation detection. To our surprise, the students possessed a more diverse academic background that included nuclear engineering, nuclear physics, chemistry, chemical engineering, mechanical engineering, materials science, and geology. In most cases, radiation detection was an element of student research but not necessarily the focus or critical element. This made the course particularly enlightening and challenging for some students. 
Lectures
The summer school lectures were bifurcated into two discrete weeks. The first week covered foundational knowledge of radiation detection and its application in nuclear security. This included both the physics of radiation detection and specific systems and methods deployed in nuclear security missions ( Table 3) . The second week consisted of a series of topical guest lectures delivered by a set of national and international subject matter experts ( Table 4) . 
Activities & Tours
The activities and laboratory tours were the highlight of the summer school course in several ways, most notably because they provided students with hands-on experience using detectors, such as those in Figure 2 that are currently deployed in operational environments. The primary goal of the activities was to demonstrate the constraints faced by technology operators, for example the difficulty of carrying the sometimes heavy instrumentation. Table 5 provides a summary of these activities.
A set of laboratory and off-site tours gave students an in-depth appreciation of specialized instruments used in various nuclear security settings. These included a visit to the SAUNA (Swedish Automatic Unit for Noble Gas Acquisition) system which is designed for low-level measurement of radioxenon. These systems are used as part of the International Monitoring System network of the Comprehensive Test Ban Treaty Organization. Students were also given a tour of the shallow underground laboratory where low-background detectors are assembled, tested, and used for national security applications; the Radiochemical Processing Laboratory (RPL) used for research in cleanup of radiological wastes, processing and disposal of nuclear fuels, and production and delivery of medical isotopes occurs; and the Radiological Calibrations Laboratory which provides technical services and testing for a large variety of radiological instrumentation and dosimetry. Hanford Site (see Figure 3) 
ACTIVITY/TOUR PURPOSE LOCATION
Determining the Sensitivity of Radiation Portal Monitors
Introduce students to the operation of cargo and vehicle radiation portal monitors, including energy window discrimination, and observe the effects of shielding and naturally occurring radioactive material on the capability of portal monitors to detect special nuclear material.
Large Detector Laboratory Test Track
Border Guard Training Participate in a border guard training activity that includes locating and identifying sources in a realistic setting.
Volpentest HAMMER Training and Education Center Figure 2 . On left, students using handheld radiation detectors to both locate and identify radiation sources in a van. On right, students don clean-room gear before entering the shallow underground laboratory. 
Student Evaluations
Students completed an evaluation form that provided both quantitative feedback to prescribed questions and qualitative feedback that specifically requested recommendations for course improvement. The students unanimously agreed that the summer school was informative and engaging, improved their understanding of the nuclear security mission and how radiation detection relates to nuclear security. The highest scoring element was the guest lectures; 85 percent of the students strongly agreed that these lectures improved understanding of the challenges associated with the wide scope of nuclear security. There was a diversity of recommendations for improvements with no particular theme, but a few reoccurring points were to i) add a neutron detection activity, ii) add more in-depth discussion of advanced techniques, iii) provide time for socialization with the guest speakers.
The students identified a variety of favorite aspects of the course that they found especially enjoyable or useful. The most common response was to the hands-on activities, especially the opportunity to work with the radiation portal monitors (RPMs) at the PNNL test track. Other frequently mentioned favorites included i) guest lectures on a variety of current topics by experts in nuclear security, ii) tours of operating labs and particularly of the decommissioned B Reactor and iii) the opportunity to meet and work with other students in fields related to nuclear security and to learn about each other's work. Other responses mentioned that students also appreciated the opportunity to speak informally with PNNL scientists, the small size of the student group and the course materials provided.
Although the response was mostly positive to the course, the most common complaints from students involved the format of the lectures; students suggested making the lectures more interactive, cover fewer topics so that some lectures were not as rushed, and modifying the IAEA guest lectures (7A and 7B). Other areas for improvement included the modeling activity and the lecture portion of the HAMMER border guard training. Table 6 lists quantitative ratings from student surveys. Unabridged student comments include the following.
When asked " My favorite part of the Summer School was"
 The activities were not only fun, but helped my understanding of detection. The lab tours were also fun. But Reactor B was my favorite.
 All of the different guest lectures given by great names in the individual fields. It was also really cool hearing about what other students are doing out there in the world of research and how those skills could be used in a security capacity.
 Using the RPMs to test the windowing algorithms we invented, seeing B Reactor, listening to student presenters, hearing the IAEA inspector.
 The guest lectures as well as the activities. I also loved the book with all the lecture slides.
The various scientists who gave us tours were great because we had the opportunity to talk informally about their work as well as their experiences.
 Being at the lab, networking with other interested students, and being actively involved in the course.
When asked "I would make improvements to the Summer School by"
 I would suggest that the course provide reading material ahead of the course to reduce the demand for so many lectures at the beginning. The content delivered in the lectures was great, but it was so much that it became really difficult to focus. I know this might be challenging, but it would have been nice to have had time after the guest lectures to talk, informally, with the speakers.
 Adding a few guest lectures or spread out the guest lectures so they are offered both weeks.
 Have a neutron activity! Do some more work with detectors in general. Maybe a basic experiment and analysis-or an experiment with coincidence counting.
 Some of the more advanced concepts were not discussed in as much detail: I think it would have been useful to have both in-depth fundamental concepts (which did happen), and indepth advanced concepts.
 Streamline the activities. Data could be provided beforehand and more active discussion could take place during activity time. 2. Lecture development took more time than we expected. Although many of the lectures developed can be used in future sessions, the time allotted for the creation of new lectures should be increased.
3. Due to scheduling conflicts that arose just before the start of the course, the preferred location for lectures was not always available and the new locations were not always ideal.
In the future, alternate locations will be reserved as well as our preferred one in case such schedule changes occur again.
Activities
4. Part of the hands-on nature for the activities included students working in teams to setup measurement parameters or to analyze collected data. These tasks would be more efficiently executed as homework or as unstructured time at the end of each day. This allows students to spend varying amounts of time on tasks.
5. The modeling software used, SYNTH, can only be run on Windows computers. Students should be asked whether they plan to bring a Windows or Apple laptop and more laptops with SYNTH preloaded should be made available.
6. Prior to student engagement, more time should be scheduled during the course to set up activities ahead of time and to later dismantle them.
Tours
7. Laboratory tours should be scheduled more evenly through the two week course, and tours should be scheduled so that access restrictions do not conflict, in particular for the shallow underground laboratory.
8. The addition of a tour of the Physical Science Facility should be considered as well as including the naval reactor in the B-Reactor/Hanford Site tour.
Future Plans
By essentially all metrics the inaugural summer school was a success. There were few surprises and the group of students in attendance was exceptional. In formulating the summer school, the desire for cost effectiveness imposed constraints on the breadth of topics and activities in the 2012 curriculum. The current course curriculum could be repeated as is in future years, but there are several key areas for improvement.
It was clear from the energy in the room that the activities were the most impressive aspect of the summer school. While also the most expensive to plan and execute, these activities most directly achieve the summer school's goals. The most effective path towards improving the summer school is thus to expand both the depth of existing activities and to supplement the curriculum with additional activities. In particular, addition of a neutron measurement is critical. Not far behind is the need for a safeguards-relevant measurement, for example one focused on spectroscopic analysis of varying levels of uranium enrichment. Another candidate is the analysis of spectroscopic measurements of spent nuclear fuel.
Topics of particular contemporary interest relevant to the Comprehensive Nuclear Test Ban Treaty and the proposed Fissile Material Cutoff Treaty were covered as part of the guest lectures and in the "Systems Level View of Nuclear Security Lecture". Other topics relevant to nuclear safeguards were addressed in the lectures and guest lectures but not at the desirable level of detail. Expanding the breadth of the base set of lectures, while sacrificing some detail in existing lectures, would elevate the impact and relevance of the summer school. 
